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SUMMARY

The Cambridge Project Is a cooperative effort by a
varlety of sclentists, both at M.I,T. and at Harvard,
to make the diglital computer more useful In the behavioreal
sclences, basic and applied. This Technical Report summa-
rizes progress during the half year beginning In July of
1971 -- l,e., the half{ year Immediately following the
perlod covered by the Project's second Annual Report,

The Project has two mailn goals: ¢first, developling
programs and other computing tools that are needed In
behavioral sclence and Its applications; second, cembining
these tools, and others borrowed from other sources, Into
a Conslistent System of programs, mode!s, and data that
behavioral sclentlsts can use on-line. In both of those
areas, the primary effort Is devoted to writing and docu-
menting programs; however, lesser amounts of effort have
been devoted to theoretical studles of statistical tech-
niques, equipping a computer-based laboratory for the
study of autonomic conditlioning, and so on.

The most consplcuous progress during the time covered
by this report was In the development of the Consistent
System, Ouring this perlod the foundatlon for the system \
went Into service within the Multics time-sharing system
at M,'.T,, and a Iibrary of programs began to collect upon
that foundation., These developments are described In
Sectlion 6 under five headings: the Substrate, conventions,
utitity subroutines and basic programs, documentation, and
growth of the library,.

Sectlons 2, 3, 4, and 5 are concerned with the first
of the two maln goals, developing programs and other com-
puting tools, They are divided as follows:

Sectlon 2 Is on data-handliing,and summarizes progress
In: the development of Janus, whigh Is an advanced system for hand-
Iing data of a type common In the behavioral sclences; a
fecliilty that emplioys a set-theoretic approach to handiing
behavioral science data; programs that assist an Investi-
gator to locate within a collection of surveys questions
that are relevant ¢to his prodblem; and subsystems for heand-
ling netural-lenguage text,

Sectlon 3 Is on dota-anailysis, and summerlzes progress
In: baslic statisticel methods &nd algorithms; incorporating
into the Consistent System the statistical progrems from
Toss, which was an experimental version of a consistent
system; Incorporeting & group of Interactive stetisticeal



programs developed for a PDP-10; Incorporating the Time-
Series Processor system; appllcation of spectral analysls
to time-serles; fltting non-llnear growth models to longl-
tudinal data; programs for analyzing networks of relatlons
or transactlions; testing the General Inqulrer's faclllities
for distingulishing between homographs In analyzing Engllsh
text; and constructlion of two thesauruses to be used In
analysls of policy documents.

Sectlion 4 Is on modellng, and summarlzes progress In:
DISCOURSE, an Interactive system for constructing models
In which geographlic locatlons are Important; the Impllicator,
which helps Investigators to transform soclal theorles from
words Into computer models; Interactive facllitles for
Bayeslan loglistic regresslon models; evaluation of a set
of algorithms model Ing soclal networks; modules for
probablllistic models, especlally declslon models; analysls
of proJect-planning networks; valldating agalnst data
from many geographlic sub-areas the simulatlion of processes
that extend over a wlder area; and adapting to Multlcs the
CASCON system for modelling Informztion on local confllcts.

Sectlon 5 Is on human factors In Interactive computing
and on computer control of experiments. |t summarlzes
progress In: a computer-based laboratory for the study of
autonomic condlitlioning; a group of programs for manlipula+ting
digltlized sound waves; the Interactlive Graphlc Declslon
Ald; the On-llne Declslon-Making Laboratory; and a CRT-
based program for studying Interaction between a computer
and users wlth "Intultive" thinking styles.

Work In both areas -- the development of a Consistent
System, and the development of particular tools for behavioral
sclence and Its applications -- will continue during the
coming half year under the same contract.



I . INTRODUCTION

The Cambridge ProjJect is a cooperative effort to
make digital computers more useful in +the behavioral
sciences, both basic and applied. Thls semiannual
technical report covers the half year that began in
July of 1971, where the second Annual Report left off,

The purposes of the Project were set forth In some
detai|l in Part | of the first Annual Report, and were
reviewed briefly 1In the second. As was explained
there, the Project has two main purposes: to develop
computinrg +tools needed in the behavioral sciences, and
to assemble such tools into a Consistent System that
the scientist can use interactively, The tools will,
for the most part, be proqrams, but may aiso Include
models, or sets of generally useful data. The
Consistent System will help ensure that +they can be
used In unexpected combination by the researcher who
may not be a proqrammer in the traditional sense, We
expect that |In the Conslstent System these tools will
therefore be much more useful <t+han they would In
Isolation,

Computer scientists, statisticians, and a variety
of behavioral scientists from both M,|.T. and Harvard
are cooperating in the Project. As in previous vyears,
some 60 members of the two faculties participated.
They are comglemented by numerous students and research
personne!, and there 1Iis also a statf of fuil=-time
employees responsible for designing and constructing
the framework of the Consistent System, for onroviding
some of +the basic tools that form the collection, and
for coordinating the documentation of the rest,

During the first +two vyears the Project was
supported by the Advanced Research Projects Aqency
under Contract DAHCIS 69 C 0347,
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2., DATA HANDLING

The Project's general plans in the area of data
handling were detailed in Section D.| of Part | of the
first Annual Report. They range from specific programs
for which there 1Is an (immediate need to general
research on managing data of the kinds that behavioral
scientists use,

Principnal among the specific programs is the Janus
system for Interactive data handling and analysis. The
overall objectives are to provide a lanquage interface
between users and their data, to vperform common
data=-preparation activities, to provide formatted

output, to interface with other analysis procedures In
the Consistent System, and to permit inspection,
manipulation, creation, and cross-referencing of

datasets, More details are given in Section 2.1 of the
second Annual Report,

A prototyne of Janus has been working In Toss (an
exploratory version of the Consistent System) since
November. Recently, it has been modified so as to work
within the Consistent System, Extensive tImings and
testing of the nrototyne are near completion and a
small qroun ot experimental users is being introduced
to it,

Feedback from these activities is being used In
designing the final version of Janus., Judging from
results from the prototvne version, the basic design
appears well suited to Multics and to the extended
capabilities planned for the final version, Nesign of
the final version 1is well wunder way, and active
implementation will nrobably begin in late snpring.

A set-theoretic aonroach to data management s
also beinqg exnlored, A prototvpe Implementation is
compiete and 1is underqolng operformance tests with
varlous types of databases and queries. A direct
comparison of this apnroach with more +traditional
annroaches to data-manaqement is beinq undertaken with
a view to users' anticipated requirements.

Because larane-sample surveys can be expensivae,
multinie use of them is desirable, and coilections of
surveys have tharefore beon established (e.q., The
Roner Centor). However, information nertinent to the
investinator's interest mav be distributed through many
surveys, and he may have dlfficulty finding It. Some
basic sottware comnonents (the data base generation and
retrieval command lanquaqge) that asslst 1In finding
ldentical or similar auestions in dlfferent surveys
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have been made operational with a subset of the Gal lup
Survey files. The language allows a user to make
querles about the number of questions satisfying

certain loglcal condltions and then probe the text of
the questlons and other data-descriptor information.
The system allows a flexlble definition of user-
environments that accomodate d!fferent research styles
and interests., The opresent software 1Is based upon
CP/CMS. Currant work Is on documentation and problems

assoclated wlth storage of many larqge files within the
Conslstent System,

In the area of text-handling, a number of
subsystems have been Implemented from +the components
dlscussed In Sectlon 2.2 of the second Annual Report.
Two serlous dlfficulties have been encountered. First,
sufficiently accurate tools to mon!tor CPU usage were
not available In Multlics and subsystem tuning suffered

as a result, Second, attempts to provide subsystems
with a full range of powers avallable In Multics led to
unacceptably hligh overhead. It appears that many of

the features +that distinguish Multics from other
operating systems cannot be used effectively at present

by subsystems of +this type. However, valuable
experlence in nroblem conceptuallzation was galned, and
during the next slx months some proagrams wl!| be

transferred to the IBM 370/155 at MIT,




3. DATA ANALYSIS

Section D.2 In Part | of the first Annuai Report
explained that the Project's general opians about the
analysis of data include the development of tools for

four kinds of analysis: multivariate techniques,
primarily multidimensional scaling; analysis of
networks; analysis of longitudinal data, ITke
time~series; and analysis of natural text. In all four

cases we are interested not only in the develooment of
new methods, but 1in the evaluation of those that
already exist.

During the period covered here, basic work In
regression analysis has centered on an empirical study

of alternatives to the ordinary method of least
squares, Several have been found to be superior, and a
report of the findings will be prepared separately. An

attempt +to fit logistic models to counted data with
random effects Is in the preliminary stages, and an
interactive system for fitting log-linear models to
multidimensional contingencv tables has been specified.
Also, Portnoy has refined his nrocedure for determining
the dimensionality of non-linear data structures by a
method of local nrincinal components and two renorts on
it are available: "Local Principal Components; A
Method for Determining the Dimensionality of Non-Linear
Data Structures" and "A Computer Program for Testing
and Apnlying the Method of Local Principal Components",
Previous work in all these areas was described in
Section 3,1 of the second Annual Report,.

Two doctoral dissertations on statistical methods

were completed with contract suonport, One, by R,
Heiberger, 1is a three part thesis on statistical
computation,. The other, by B, Rosner, 1Is on a

semi=-Bayesian apnroach to outlier detection. Copies of
each are available,

A number of common statistical procedures, about
fifty 1In all, are being introduced into the library of
the Consistent System, Most of +them are from +the
earlier Toss system and are listed in Section 3.6 of
the second Annual Report, They include frequency
distributions; measures of central tendency,
variability, and hiagher moments; parametric and
non-parametric +tests; product moment and rank order
correlations; and simole reqression. Moving these
procedures from Toss to the Consistent System was made
easier by their desiqn: the computational "kernel" of
each of them was written as a closed subroutine, and an
interface can be easilv supplied to honor the
requirements of +the Consistent System, Furthermore,



the kernels can be used as components in one or another
of the statistical "packages" proposed for
constructlon, or couid be called directly by suitable
data management Interfaces.

Spe~ial efforts are being directed toward analysis
techniques that take advantage of the Interactive
environment of Multics. A collection of such programs,
including many basic statistical programs as well as a
newly-designed program for interactlive factor analysis,
is being readied for +the Consistent System, The
collection was originally written 1in FORTRAN on the
PDP=10. It is now almost completely debugged and, so
far as posslible, all system-dependent features are
being removed 1in npreparation for adapting It to
Multics.

In the area of longitudinai methods, TSP (the
Time-Series Processor) has been adapted to Multics and
is belng introduced Into the Consistent System, TSP is
a sizeable system of FORTRAN programs aimed oprimarily

at the analysis of economic time-series. It was
designed for batch nrocessing, and modifications that
will exploit the Interactlve possibilities of Multics

are being studied.

Several anplications of spectral analysis to
economics have been explored, (As an example, a
signiflicant effect of the price of canital on natlonal
investment has been found for components around the
business <cycie frequencies.) A set of spectral
programs, based on estimation usinqg the fast Fourier
transform aiqorithm, are being tested nrior to

Implementation 1in TSP; +these will compute (cross-)
periodograms and smoothed snectral estimators using
"orewhitening” and alignment, A report Is In

preparation detaliling computation of reqression
estimators using only part of +he spectrum =-- important
In economics, wha 3 It 1Is desirable to purge a
regresslon of ITs seasonal or other frequency
components, '

Several programs for iongltudinal analysls aimed-
at the validation of non-linear growth models have also
been developed and documented. The programs and thelr
descriptlions are avallable,

The program SOCPAC, whlch analyzes the +trlad
structure of sociometric networks, has been médularized
with a view toward bringing the moduies onto Multlics
within the Consistent System, and a set of notes |Is
being prepared on Statistical Modeling of Network Data,




RANULL, a program for analysis of transaction
flows, and DICHOT, a program for 3 hierarchica!
dichotomization of transaction matrices by the
McQuitty=-Clark method of iterative Intercolumnar
correlations, are beinqg transferred to Multics for
inclusion in the Consistent System, It is expected
that RANULL, which uses the "null model" cf Savage and
Deutsch, will be (integrated with two newly-written
programs, DECISION and RWC_POWER. The first of these
ils a simple proqgramming of the Day-Tinney. model; the
second calsulaies Dahl's "power" index and Chadwick's
"control" index. A fuller discussion is given in a
report by Richard W. Chadwick: "Power, Control, Social
Entropy, and the Concept of Causation 1in Socilal
Science". Previous reports on related work wyre iisted
in Section 3,10 of the second Annual Report,

As part of the work on the General inquirer, a
larqe effort to nrovide subroutines that disambiguate
English homoqraphs is nearing completion, (See Section
3.14 of the second Annuali Report,) Test runs indicate
939 success In identifyling the correct sense in a
sample of 670 difficult English words, Supporting
programs, including a retrieval specification format in
pseudo-PL/i that is converted into real PL/1 via the
pre-compiler, are now in final stages,

in a parallel effort in the analysis of text, two
thesauruses are beina constructed. An expert on the
domestic and foreiqn politics of the USSR has developed
concent hierarchies and the beginnings of a thesaurus
for Soviet documents, A thesaurus for American
documents Is being constructed automatically from text
taken from "The New York Times". A report entitied
"Data Sets for the Development of a Document Encoding
and Retrieval System: A Description of Computer
Readable Texts and Queries" by Rosemarie Rogers |Is
avallable. For earlier work, see Section 3,13 cf the
second Annual Renort,



4. MODELING

The general plans for tools for bullding and
evaluating models were described In Section D.3 of Part
| of the flrst Annual Report.

Several new features have been added to DISCOURSE,
which was discussed In Section 4.1 of the second Annual
Report, .t Is an Interactive computer Ilanquage for
addressing problems In which aeographic parameters are
Iimportant, -The lanquaqe has heen modifled so the
syntax of a DISCOURSE command now accomodates use of
non=-DISCOURSE functions, general exnression evaluation,
and recursively imbedded strings of characters.
Efticlency ot operation has been Improved by hashing
all names through a single table that Includes synonyms
end by oroviding a preprocessed mode that allows
preinterpretation of commands,

The basic Input and retrieval programs for the
General Impiicator, which was discussed In Section 4,2
of the second Annual Report, are running rellably,
Current work Is focused on bullding out of those baslic
programs macro-programs for speclal appllications -- for
exampie, a proaoram that wii| Identify causal or
Iinferential chalns, Also, the present Implementation
In PL/1 Is heling compared with possibliiitios In Ilst
processing and other spaclal lanquaqges.

The Baveslan loqlistic reqression model described
In Section 11.D.7 of the tirst Annual Report Is bveling
fitted Into an on-iine data analysis system that
emphasizes Bayeslan methodology., This is a step toward
Introducing !t Into the Conslistent System,

Some evaluation of the soclal network modals
described In Section 4.6 of the second Annual Report have
been made In an attemnt to ldentity those
cha-acteristics of the networks which have predictive
and descriptive value. A number of routines have been
developed In the APL 1language to search for such
characteristics as cllinues, clusters, cycles, semiqroun
homomorphisms, subgraph Isomorphisms, and qraph
automorphlsms, The recuits have been disqulieting, and
there Is some question about which of the routines
should be Included In the Consistent System,

A set ot tools for probabllistic modeis, decision
modeis In particular, which were described iIn Sectien
4.7 of the second Annual Report are a step nearer
compietion. The oprimary effort over the past six
months has been on debugging., Durling this period,
however, the system has been used ftor graduate and
undergraduate research projects. Considerablie
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reprogramming and documentetion efforts are belng done
In preparation for Introducing these proqgrams Into the
Conslistent Systen,

In the ares of Project Network Analyslis, described
In Sectlion 4,9 of the second Annual FReport, feocur
Interactive comnuter nroqrams have now been developed:
8 program for croaating and edlting » network; a program
for analysis o? » network In terms of physlcal
structure and othar oarameters; A nroaram which uses
some of the outnuts of the previous nroqram to opredict
the rosult of a narticular schedullng alqorithm; anc »
proqram that uses one of five alaorlthms to nroduce o
schedule for the network. In addlition, batch verslions
of two of the nroqrams have been deve'oned. A manual
describing the oronrans Is In preparation by E, W,
Davis,

Simulintion technlagues for small qeoaraphlic areas,
described In Sectlion 4,11 of the second Annual Report,
have made progress on three fronts, A streamliing of
data reduction oronrams Into a8 sequence of wall-
defined stens has baen accomplished, A "z200n"
capabliity hns bdaeen added In the manping routine to
permit oaxamination of a8 sinnla area. Finally, »
"tuner™ s nearinn conpletion, It will ¢take &
theoretically sound model that apnroximates the dcte
reasonably and wllil adjust the model to Its ultinate
accuracy.

Finally, sunapnrt has been glven to an effort to

adsot to Multics tha CASCON svstem, the Computer-Alded
System for Information on Local Conflicts,
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S. HUMAN FACTORS AND CONTROL OF EXPERIMENTS

Genaral olons for the develooment of methods (or
computer control of experiments were detalled In
Section D.4 of Part | of the tirst Annual Report, vhile
research on human fsctors In Interanctive comauter usane
was discussad In Sectlon €.3.

The comnuter=based facliity for study of avtonomlc
behavior is naw In use and was described Ia Section 9,!
o! the second Annval Report, Experiments are bdelng
done on asslisting peonle In anining volurtary control
over thalr aytonomic activity == e.9.,, heart rate,
The opresumption 13 that |f peonie can control thelr
autonomlc arousal wunder strass, ¢thelr ablllty ‘o
parform perceptual and motor tasks under stress wilil
inprove., Speclallzed hardvare and software have baen
developed to: (1) train peonie to aaln control of heart
rote for a short time, (2) trailn them tn becowe
Increasingly accurate In assesslng thelir autonomic
arouzai, and (3) test npnerceptual onerformance wunder
stress. The Immediante conclusion ls that some peddie
can galn control of heart rate, and that thev can
exarclise *the contrel to Ieprove thalr performance,
Future work will bo concerned with Indivicualizing the
training oprocess so that most oneonle can learn to
control heart rate for lonn perlods of time,

A Conversational Audio Slanal Mpalnylator (CASH)
ls belng develioned on tha PDF=9T In the Computer Nased
Ladboratory ot the Harvare® Psvchology Departmeant,  CASH
h3s three otarts: an Interpretive component, which
dncodas the user's telatyne requests tn transtform avdlo
signals and move then Ddetween storane devices;
speclal ¢élsk dlrectory schere for referencing stored
elgnals; and a dattery of transfarmation routines,

Develoonent work continued on the Interactive
Graphlic Declclion Ald which Is helna oroqrammed on 9
POP=10 corruter with an LDS~1 display, and was
described In Section 9.3 of the second Annysl
Repor?t, The system ennlol ts comnuter araphics
technology In order to anply statistical declislion
theory Aas A oractical teol for declslion matkers,
Preparations are uanderwvay for odserving the effect of
such an ald on 3 rea! decislion maker,

The On<Line Declision-'taking Ladoratory, dliscutsed
briefly In Section 5.4 of the second Annval Repert, s
novw operating, The new simulation model with which the
tlavers Interact Is in the final stages of dedugaing
and the Information rucording proqrams are orerating on
8 POP=10, In March the 722: model will Be run with
over 700 qgraduate stucents narticipating, and two trial



tests of the Intormation eathering systea, with 190
students oparticipating (In each, will be conducted
during this perlod, At present the information
gathering system |3 passiva; It records the time and
nature of declalons nd the natterns of use of oneline
nodels., The naxt staqe s ?o develop active cues to
allovw the Adecisinn makers %o he nuestioned about cauvses
of unviual activlty,

A versiorn of a C8T=Lased nrnaram ?0 Stuly the
snttuara clemants that tacltilrare “intultive®
man=nachlien interaction has bhean implemented ang
revised, 1t was describad In Section 5,6 of the second
Annyal Penort, Nata on sSudject nerformar:s s In *he
process N! collaction and evaluation,
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6. THEC CONSISTENT SYSTEM

One of the major goals of the Cemdridge Project !s
to forqe Into a “"Conslisten? System™ tools such as those
deascridad In the nreceding sectlions, The Systza was
discussed In Jdetall In Chapter 6 of the second Annual
Report, especlialiy In Sectlans 6.1 and 6,3, 1t Is 1to
dbe A co'lection of models, dats, and erograns for use
by the noaproarasming benavi!arel scleatist, It the
Innovative Inv,sticator wants 0 comdine the tools In
sore novel way t0 meet MNls speclal needs, he should
not! noed & proagrammer %o help Alm, Ye should de adle
te Introduce his own data Into the system ang, It he IS
an anateyr orogrammer, he should be able Y0 Introduce
Aig own procrams too; mcreovar, his nrograns and dats
show!d work aqracefully with 1those aslireaty In fhe
coliection

The transenrh "hpt Bolds the coilectivn tTosether
coasists ofy & Substrate, ehiled s A pachage of
routines, semevhat litke am grerating systen, am which
the progrome la Ihe collection desend; & eceot of
conventigas tTha? arearamt aad dats are setected Yo
otevy} ane standards tor doacumentatiea, Derimg the
pas? Ralf year most of the efforts of The Project etalt
Mave bees dovnted ¥n providieg that frandedrt Asd sONS
ot the nore fgmganerntial pregrans snd sybrogtlices Phad
tly wienim 1%,

The erojectiens abee? arogress e Boliginn &
teanavnrh Thal were mafe sls Moaths 2480 Ia  "he geresd
Anngal Basor? preved remackably Accurate, A Sedstrate
tated 08 the Wylvtics Yimssgharing guston A% %, 1,5, oy
conpieted essestislly an sctedule, In splite ot ¥op 23c¥
et Thyrs vore, fesvitadbliv, o fau fetina chaeges aless
the weay A small sot of g¥llity salrowtlisss the? »
Pregram ney wus %9 Seadle tllet, conmpalicatls wlitn  he
Setsstrate, s'a,, I ready, sad 20 Is » enall grese of
pregrams *hail farn "%y agycleovt of the collagtion = he
gregrans mesded %o Yest ether  prograwns, The
coaventinag thec snb oty are roata2ehly esll
establilienet, Phowgh Yhey mesd ¥ %o cotifled aeg
tesstiled %o mate Yhaem asatler ftar arejfanmers Yo
waa?risgéi. Decwnastatias, 2t erafictes, 2ot lagjed
Eahimd,

I%e rei® gt I8ls 20810 ol coever *sags el cs
in more @avall,

1 ¢ $eple o= Tha Conslgtos? Sestem ¢l¥a woem 2
,,g,.;ﬁﬁ'fiﬁisziagg Leges. 8% e TLebeleave®, The
Selstrate serteves a2t an intertace Leteser fragrang la

the Cosslgten? Systen 2ol ¥ha We'tics esaratizg gustem
s pregrans In ¥%e Canslgtent Syctan &0 ot goll whed
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Multics dlrectiy, The Substrate (s the onerating
system fromn 3 nrogram’s nolnt of view; of covurse, the
inpiemontation of the Substrate coalls hepvlily wupon
MUI?ICS.

Thy Sudbstrate has three =3 jor purproses: It duffer:
prograns 3qainst Instablilirties or changes o the
Mylti¢ce operating systeey It s desligned to Lo
Inplemented on Mhosts other than MHyitlesy and It
provides a nundar of services that are needed by
callection of thls king, dut are no?! avalliadle In all
the operating systens that alght eventyally serve as
rOS?S,

The firs? Job, Insulating nroqgrans againgt changes
in the ape-a?inn svstem, (s stralghtioreard, The
Substrate was so desinnet that caall changes In Myltics
can be comremsated far Interrally, preserving the
ertornal seaclfiications guaraateed 10 prograns Ian the
collectios, A proaram coaatacts fthe oferating svsten
only leglirectiv, Throuad the Substrate ang thFaygh The
“run=tine swesert™ pachage of The progrannieg lasgyage
im ehieh |7 was wreiPlasn, At the moment, ospificl?
suptor? Is emravidged ter the AN%I staedard leagesges
PLIL et FNRTBLY, Coatact with The Wyitlcs eseratine
sys'em, *hes, Is flau,.vef Yo thelr rynctine pactases ang
o the S¢detrata, which a2ftensts ¥ wie eely These
aarts of Myltice "8a? are mas? (lbely o renale ¢Vl ln,
priecigally t%e “Aarscars typervitar® aa¢ Fre 0
srsten,

10 s2ctaanlicsh I%s secoed 2erpote, Trasifer %o
other machines, *he Tedstrates ¢oesr A0t meke wte of
rhate taatyres of Wyltigs ™at are lively *e 5o micsing
from o%er ateratieg sytens, [hfess 9 detian g0l ens
inplencetaniiivy A% eys®ens 2t Slesess 2t Welvligs segd
07369, 43 » gnetegusects, sons fealyures @f WMyl tice afe
Yy "0 esrearant Ia the ¢allsctlioge conpletelyy
St1tury afs ergvided Ky cods oithia Fte Sebe¥rate
Ivspif, 1t wsg %4%¢%¢3% It Inajsnzsalisd as 453%0 3¢
BAgt, Shgs 8o saferivy of graarans s ths  Coseletast
festar cas fFys @85 Tsal mew mathime, Natyrslily ey
o € Saes 1N hs fucondiled] €o ¥he rée Mo Nlime eowlid
Bees F9 §ue0rF Phe gRyfda ldsgeage (s ehies tee
grageang 2¢8 orittan o= B/ 9.8 FOSTEAN fper vae Fime
ming,

fre sied Job, sotesding ¥4 carviene ef 'he hes?
aserating systan, Is Fhe ans? ctallesding, Eisny o jor
sarvigetr 2fe syrcactent Fo gresrens in ¥se eallactiea,
Seme & Yhen afe sireate gravided Sy Wyl tics, ot met
Sy a¥saf patoaetial Bay¥s,
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(1) A flle system Is guerenteed vherelin flle names
Nave two parts; one s the name of o dlrectory,
end fthe other s & neme t0 de looched up In that
directory,

(2) This flle system |s extended to cover ell flle
devices, potentially Including off=iine Bulk tape
storsge, for evamale,

(3) with oach ftile rnrame fthere Is recorded
Descristion Scheme Cade, which Indicates Tthe
general type and format of the ftlle,

(4) with each flle a2 there are recorded
locators for tedo segparete sectlions of the fille,
and (ontionnliy) an entry eolzt %o a pregram
associated with the f¢lleyg vsuslly one sectlion
contalmns the ¢ata thensalves and the other
contales A decription eof the data ang thelr
format (e,9., # "machlnscreadadie cotedoor”™),

(€) A "grachad® anviroomeat e providee so ¥h3?
programs ¢can ¢all other pregransg Zrough  The
SeSstrate; Yhe Callet erogram may call olthers, aad
0 €8, 0 2lnns? anv dosth,

(6) A nmansctracsiation ¥adle Is erovided o Fhet
erogrants cae cootrol the medanings mames «iil  mave
te pregrans Fhey ¢21),

(2 A taclilisy ter tragpling coesole 170 ellews o
erogran 19 Eleer? Oulte? N850 St lepe?
rogees?s frem 3 sydordinate progran %o Itgelt,

(2) A gresp et relatet eragrans may o doC ared %o
82 2 "fanl iv®] etexaver & wender af e fanily I
callet, t™he Selkstrate sets all flies aet eorting
$2020% bath 4% The A4LrOLERE otare TR [ak? Menber
of "se fomily lafs Trem,

fae Inglemsststior gf ¥se gregent Sedetrate eas o
Mﬂggf saivenrs aiter? by the Frolect gtatt, i s
weittan im PL/1, comtrices some 0lgn" tewsand 1lnes of
04700 ¢2Ge, ML laglieZey aane %4 estersal galls 98¢ 0o
attivinrel &9 imtermal roetives, Once inplensaratiee
tegen, Chaedes "o e deslies vere gratiteimgiy foe g9
the Inglerseligtice sitetyle ot Aok 2imeg? eeagtly,

Sangggglgtg... The corvnations 1890 prograns and
t2%a sre segeiled Yo foliee are T%e sagoed adjler plece
of e fteamsenrs, Thay ¢ 4o dlvidet 190 YRree maln
GrOTEt ! (0tvantiart AR89 4oV, C8cvantigny abeyt The
oy ErERTANE are Called aed The effects %hay mav “eve,
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and conve~tlions adbou? transfer to other hosts.

The conventions ahout data center asroynd the
Description Schoeres, Cach ftlle of deta carrles with |I¢
8 Dascription Scheme Code (which |s recorded with ¢the
nane ¢! the ftlle In the directory!. Bfefore using »
tite, » proqram mys? chechk the Code t0 cee whethar ¢the
tite s of o form |? can handle, and when cCreating »
tile, & program nvs? supply the correct Code for It

it a contridutor to tha collection finds that none
of the formats speclfled dy existing schenes mests the
noeds of ?the programs he Interds 10 werite, he may
¢eflne A nav scheme, ané the adninistrators of the
collecrion vl asslign an arditrary Co¢e to |I1?, That
Coce, and the specliftication of the new schems, then
tecore a msrnanent par? of Yhe docunentation of the
systen, In theory "hers Is nothing 0o heen 3¢ aunder
of sehenes from arollferating Incefinltelyy howaver,
It el ysyally Bo eaciar fOr 2 Aregranmer 10 yse some
sChens that already ori3ts, Ve hogs That that f(agt
willi tesag %o bdsws crntrituters from geoflalng new
scheneg, or *that g¢ocla aad adniplstretive pressure
will a? Lleas? sersvace them 1o provicde mrograms that
tramsliate £a%s "m and frem schones That c2re already
gopwlar,

fThe cosventlicas stnyt proqarans are centered aroent
the 1dea H3% 2 pregran shewid Me adle 0 act as  The
vser's agaet |a rgaming other pregrants for Ale, Ia
gesoral, *hay lasisr 82y grogsramns Be called (a2
enltorm nasasr, and TRaY S0Ch BFEL"AM Y2 A rea?, tigy
"sfsle ehnse betaviar 2o 29eat cos gontrel sasliy. in
eartigular, Ysay 'acleds solh provisiess as thesey

LR 186 Sei37rate Fumy 2 prolIram (A The
Isgs®igation of » By Prggean call frem aa  200teer
peageand, 1Y astynee Yhs called progran ol il Mave,
saradneically, *he farm of 3 PL/I subroutice el th
2 gartlgular torn s¢ ¢alileng segesace,

ODre 0F %6 sfgandals s 198 galling tegyence g »
tirieg ot eharacters That sre "¢lrectioat® to the
calliez nragean, The callsd preqram ls respossible
tar decadlen "use Slruactions [Pself, and 1T mest
felyfe 3% @frarfamagaages 10 The wterfr Im  gone
ardariy eay It Yhsy ara etrintailigitie vo 1%,

Ngrmally, ) ReRRF AN sty te the
sansstsarsiatine Tatie 9 dliscever %9 fYree
smasings ot the sanay af sey fijes e ¢glrections
tell it %p lmaszec?! &¢ creste, Thid sermite aa
a5esy T 4sa¥rgl The mesalisgy That awmes el Pave
0 $refrang 1Y rysy for ¥he gter,
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It a oronram sends ma3%2qes to or asks for inputs
trom the user's tarminal, It must do so through
channels an anent proqram can Intarcent, 30 thot
the agent will bo able to conduct the conversation
In the user's stead,

Oniy very sapeclal proqgrams are parmittad to ask
the Sudstrate to Interfere with the program
"stack™ that was mentionad above as one of the
services the Sudstrate guarantees.

Finally, the conventiont that are deslaned to make
the collection easler to transfer to other hosts
prohidl? the use of those fea'ures of PL/I and FORTRAN
that are not Illkely to bde availaole on other hosts,
Thoy also provide that only specinl proqgrans may use
certaln "lrrequiar™ features of the Sudstrate that
prodadly carnot be dunlicated In oprecisely the same
torm on all hos*s.

The coaventions “Nave bean shaken down In the
process of codinn the ytlllty subroutines and bdasic
prograns that will be mentioned delov., They seem to de
In reasonadly nnoé shase, althousd It s now evident
that they need to he codltliad anéd revorded to make then
sailar for pronrammers to vunderstiand,

gvlll!x eg;rgu’lngz .:1}2:;L$ proqraes, .- Ag fthe

actual calls %o fthe Substrate are bv cdeslan aulte
primieive, they are surniemented by wtllity sudrovutines
shic> allov proaramming lasguages |ike FORTRAM to more
easlily call voon the Sudstrate for service, wnile
thete are of Iittle Iimmedlate coacern 0 the
sgnproaranming behavioral sclentis? who would simoly
vie he systen, ¢they are of wvalue ?to those who
incldentally have progranning skiiis and A ¢esire to
vrite Consisten? System programs. Strengerdlzed vutl-
11ty subroutines mabe progrems essier 1o write and ensure
s nocers’e level of corsistency In outward behavior end
eusllty Interssily, They sre slso Importent from the
golnt of view of sconomys Y Is not nece-sory that Indl-
vidon! programs contaln the code needed to pertorm the

functlions these subrovtires pertorm,
To €ate, a varlety ot wutllity subroutine: have been

pravided ehlch, anasg other 'hiens, sarge the string of
girectinmg with shich a progreon was Invokeé, resolve 4
syninlle tile mans, open several files 2t once, find »
Alesn slemant la an array, and allov 2 gracefel retyurn
in the aveat ot spme caltastronhe,

& emall aqress of servige arnarans has aleo Yaen
provided %e le? *he gser Imssect definitions In his
directory, Incsect the stack of areqrams, end 2
sessine, aag gerfarn o¥her essentlial actliens ef Yhat
Y,
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More important, from the view of the
nonprogremming behavioral sclentist, Is the wey In
which he can oxercise a oprogram from his console.
There |Is a command processor or "basic caller™ notable
for its olmost nonexistent syntax and relatively
trivial organizetion - qualities which Iinsure,
respectively: freedom to design a command with nearly
any syntax deemed appropriate by Its author; and the
abliity to replace the "basic caller” with a more
speclallzed command transiator, Perhaps more
Interesting Is & "macro-command™ facllity thut allows »a
sequence of onrospecified commands to be exocuted as
loglcal wunit; the execution Is Intarpretive, oand
meta-s tatements are provided to control the flow of
execution ané parsmeterize the Inputs to Individual
commands.

The service programs, the basic caller, oand the
macro Intarpreter constitute & nucleus around which the
iibrary ¢can grow, They ara the programs a oprogrammer
nceds to test others that he wlil contribute to
collectlion,

Documentation,-- Because the Consistent System Is
belng devised with fonq term use 08s & goal,
documnentation Is of paramount Importance. In time, an
enormous naumber of nroqrems wil' have to be used
fluentiy by ° taras ponulation of dbehaviorasl
sclentists, and the programs will have to be maintained
by generations of oroqrammers, Only sclif-sustaining
documentetion will keen these efforts less than
Merculean., This nast six months has seen a review of
the documentation needs of the project and Its user
codnunity, and olenning for thelr fulfilliment, The
experience occumulated In documenting the Toss systenm
was helpful In this reqgard; detalls sbout It are to be
tound In Section 6.2 of the second Annual Report,

Our plans call for two gqgeneral cateqories of
documents: tutorials for a geners! understending, end
reference manualils for snoeciftic Information about o
perticular routine or ¢flle of deta. The tutorial
manuels will be relatively static once produced, but
the reference documents will continually eccumulete new
sheets for insertion as new contridbutions come into the
system,

The tutorial category can be further subdivided
Into e genersl Introduction for users of the Consistent
System, Introcductions for particuler clesses of wusers
ot about osctvicular subsystems, eond o progremmer's
Introduction to the Consistent Systes,



The reference documentation will tend to be more
plecemeal, more concerned with Indlvidual programs,

subroutlines, and sets of data. It will also be more
uniform: there wlill be standard formats, and authors
will be urged to stick to them 1I1f at all possible.
Reference materlial wlll separate Itself Into two tynes

== that distributed widely, and that kept In archives
at the ProjJect headquarters to be distributed on
demand, a copy at a time. The latter, 1less visible
documentation Is +typlically used for malntenance and
modlflcation, We assume that routines, data, and the
documentation on them will be used much more often than
they wlll be changed, and so 1t s reference
documentation for use that 1Is the more widely
distributed.

Every name that appears in a publiic dlrectory --
whether the name of a program, data-flle, or
combination thereof =-- Is represented by one or more
sheets +that comprise the user's reference manual, The
purpose of these sltieeats Is to describhe the external
appearance of the entity In standardlized |l|anguaqe
understandable to the class of users for which It |Is
Intended. For programs, the descriptions must be exact
enough to enable a user to use the programs
aporopriately 1In a "macro-command". Learning how to
write the descriptions that go Into this book Is one of
the most Important chalilenges the Project faces. The
description must both be complete and he comprehensible
to the users for whom It |s Intended; when the users are
not programmers in the +traditional sense, satisfying
both demands is d1f¢lcult,

For +those users who are programmers and want to
write programs or subroutines for themselves or for the
publle collection, appropriate reference materlial,
different from that described above, must be provided.
It must Include Information on publilic subroutines, on
Description Schemes that have been officlally
reglstered, on the behavior of the Substrate, and on
conventlions a program must follow If I+ 1Is +to bhe
admitted Into the publlc collectlion.

For the same audience there Is an on=-lIne reglister
of external symbols, This register I!sts all external
symbols used by each program In the public Ilbrary, as
well as all symbols that have been reserved for future
use. As presently concelved, thls reglister |Is
Interrogative and will provide, on demand, a symbol or
symbols quaranteed not to confllict with those already
In use or reserved for future use,

This register Is, In part, an asset to good
documentation practlice; It Is also the flirst In a
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ciass of control procedures that wiil wuitimately rank
with the Substrate, conventions, and documentation as a
fourth part of the framework of the Consistent System,
Additional procedures must be worked out for program
acceptance and installation, quality assurance, and
maintenance.

Growth of the library.-- Of course, the real power
of the Consistent System for the nonprogramming user Is
Iin the spectrum of programs It makes available to him.
By summer the collection shouid be rich enough so that
a hardy researcher will be abie to make practical use
of it In some kinds of work. The programs that are +to
be 1included have been mentioned In previous sections
and the following is only a brief overview,

Statistical procedures that are expected to be

available include all the standard parametric and
nonparametric hypothesis tests iTke t-tests and
F-tests, Chi-square, tau, product-moment and rank-order
correlations will aiso be avallabie. A newly
develioped, Interactive factor-analysis program |Is
expected, as are the multiple |Iinear regression and

ANOVA (analysis of variance, with covariance added)
programs which are now parts of DATA=-TEXT.

Additional data anaiysis +tools expected include
the TSP (Time Series Processor) package developed for
the econometrician, and two transaction fiow anaiysis
programs, "RANULL" and "DiCHOT", Covering those
Iinstances where specifically designed tools are

lacking, a set of matrix operators will be nrovided
enabling a behaviorai scientist to pursue more
individualistic anaiytic methods. We expect the
"macro-command" facility, described above, to make
these pursults easler, The oprincipal +tool for
data-management and data-editing wiil be the prototype

version of the Janus subsystem,

During the comling bhalf year the |Ilibrary is
expected to enter a p2riod of rapid qrowth as programs
from Toss are transferred to it, and as other programs
that +the participants 1in +the Project have been
preparing begin to accumulate within it.
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